Experimental procedure Isolated coleoptiles of Avena sativa, Victory Strain (U. S. Department of Agriculture C. I. 2020) were used in all experiments. Etiolated seedlings were grown and prepared in the manner described in previous publi., cations (3, 4). The laboratory conditions and the apparatus used were also the same as in preceding investigations (3, 4).
Introduction
In studies of the bioelectric fields of the onion root, ROSENE (2) found that the magnitude of the longitudinal polarity was decreased or shunted when a jacket of tap water was placed around a segment of the root between the contacts. When the shunt was removed, the polarity quickly returned to practically its former level. Similar results were obtained by WnKs and LUND (7) from their experiments with the Avena coleoptile. They observed that filling isolated sheaths (taken from 34 to 36 millimeter seedlings) with Shive's solution caused the magnitude of the external longitudinal polarity to be decreased from 40 to 60 to less than 10 millivolts.
As in the onion root, when the solution was removed from the inside of the sheath, the electrical polarity was promptly restored. These facts were presented as proof of internal shunting of some of the polar cells which contribute to the longitudinal electrical polarity of the sheath.
WILKs and LUND (7) also reported preliminary experiments in which the central cavities of isolated coleoptiles were filled with various solutions and then exposed unilaterally to 400 meter candles of white light. Coleoptiles that were filled with Shive's solution did not show any bending response, and those filled with distilled water curved only slightly when compared to the curvature of the air-filled sheaths. Since it is known from previous data that electrolytic solutions, such as Shive's, short-circuit the electrical polarity, these experiments indicate that the inherent electrical field is a fundamental prerequisite for the growth curvature processes.
The purpose of the present paper is to present supplementary data which show the quantitative effects of short-circuiting the inherent electrical field, using different concentrations of Shive's solution, on the various tropic responses of the Avena coleoptile.
PLANT PHYSIOLOGY straight, and had a well-developed root system. A cut was made all the way around the coleoptile about five millimeters apical to the seed so that the primary leaves could be pulled out of the basal end. The hollow coleoptile cylinder was next filled with one of the solutions. Either a glass pipette with a capillary tip or a hypodermic syringe with a blunt needle was used for the filling operation. The sheath was then placed in a glass holder with its cut end submerged in Shive's solution (6)2 and permitted to re-main undisturbed for one hour to recover from the stimulation of handling. At the end of this time one of the several types of stimuli was applied. After stimulation, growth curvature was measured by following the tip position with an ocular micrometer. At the end of each experiment the total angular curvature was determined by the Judkins method (1).
The techniques for making the electrical measurements have been published in preceding papers (3, 4) .
Results

STIMULATION BY GRAVITY
In this first series of experiments the coleoptiles were stimulated by placing them in the horizontal position for one hour. The upward curvatures that were observed are shown in figure 1 , in which each curve represents an average of six or more experiments. The initial downward curvature, common in all of the curves, is due to the weight of the coleoptiles.
Curve I shows the average curvature of the sheaths which were not filled with any solution so that only air occupied the inside space. This curve serves as a sort of control indicating the maximum geotropic curvature that was observed under these conditions. Curves II, III and IV were obtained from sheaths filled with Shive's solution X 1, X 1 and X 2, respectively. Sheaths STIMULATION BY ELECTRICAL CURRENT Previous work has shown that direct current of the order of 10 microamperes applied transversely for two minutes to the apical region causes the coleoptile to establish a transverse electrical polarity and to bend toward the electropositive pole of the current applying circuit (5). Figure   3 shows the effect of filling the inside of the sheath with different dilutions of Shive 's solution on electrically induced curvature. Each curve is an average of five or more experiments and is plotted above the zero line to indicate bending toward the electropositive pole of the circuit. Curve I represents the temporal sequence of the bending process resulting from the application of 10 microamperes for two minutes at a level five millimeters below the apex. The coleoptiles in these experiments were filled with air. Under the conditions of these experiments (Curve I) 70 minutes are required to attain the maxiimum curvature in the initial direction. After this, the seedlings start to bend in the opposite direction (5 In this series of experiments the transverse electrical responses resulting from the applied current were also measured. The curves in figure 4 , which are numbered to correspond to the curves in figure 3 , show the results. Application of 10 microamperes for two minutes at a level five millimeters basal to the apex causes air-filled coleoptiles to establish an average transverse electrical polarity of 31 millivolts. This polarity gradually decreases to about 10 millivolts at the end of the experiments (Curve I). The curves in figure 4 fall in the same sequence as the corresponding bending curves in figure 3 . Coleoptiles that had been filled with Shive's solution X 2 manifest the smallest transverse electrical polarity throughout most of the experiment.
Discussion Results of the preliminary experiments published by WILKs and LUND (7) indicate that the growth curvature responses of isolated Avena coleoptiles to unilateral light were inhibited by filling the internal cylinder with electrolytes such as Shive's solution. Non-electrolytes did not inhibit phototropic bending. It was also demonstrated by the same investigators that the longitudinal electrical polarity of the sheath disappears when it is filled with a conducting solution. Apparently the electromotive forces of the internal surface are short-circuited by the electrolyte. These results were interpreted to indicate that the inherent electrical potentials are a necessary prerequisite for phototropic responses.
Supplementary data, which are presented in this paper, show that curvature responses of isolated Avena sheaths to light, as well as to gravity and to electrical stimulation, are definitely inhibited when the internal cylinder is filled with Shive's solution. It turns out that the degree of inhibition is, to a large extent, dependent on the concentration of the electrolyte used. There are some differences in the degree of effectiveness of a given concentration on the various growth responses, but Shive's solution X 2 is generally a more effective inhibitor of curvature than the more dilute components. Furthermore, the present experiments show that the magnitude of the transverse electrical polarity, which is induced by the applied direct current, is also lowered when the sheath is filled with Shive's solution. The extent of the inhibition of this polarity is again a function of the solution concentration.
One of the first questions to be answered would be whether or not the various concentrations of salt solution exert their effect on growth by altering the osmotic relations within the cells. Control experiments were included in which the cylinders were filled with a water solution of glycerol.
Glycerol was selected because it is essentially a non-electrolyte,3 and the concentration was adjusted to exceed the maximum osmotic pressure of Shive's solution X 2. The results show that the glycerol solution did not inhibit the curvature in any one of the series of these experiments. One tentative explanation of this would be that a decrease in turgidity of the tissue is not responsible for the inhibition of the bending by Shive's solution. Such interpretation, however, involves the question of permeability of the cell membranes to glycerol as compared to the inorganic salts in Shive's solution, and therefore must be made with caution. More data are obviously necessary for the clarification of this point.
It is also clear from figure 4 that glycerol has no effect on the transverse electrical polarity which is induced by applied current, while Shive's solution does. Thus the present results are consistent with the thesis that the inherent electrical field is an essential requirement for the various curvature responses, and that a decrease in these polarities by shunting them always results in less bending. Summary 1. Geotropic curvature of isolated Avena coleoptiles is inhibited by filling the internal cylinder of the sheath with an electrolyte, Shive's solution. The degree of inhibition is directly dependent on the concentration of the solution used.
2. Bending toward 200-meter-candle-seconds of unilateral illumination is also inhibited by filling the sheath with Shive's solution. Shive's solution X 2 causes most inhibition, while distilled water, Shive's solution X j and X 1 are about equally effective.
3. Similarly, filling the isolated coleoptiles with Shive 's solution inhibits the curvature induced by 10 microamperes of direct current applied transversely for two minutes at a level five millimeters basal to the apex. The degree of inhibition is, to some extent, dependent on the concentration of the solution. The transverse electrical polarity induced by current, applied as indicated, is also decreased by Shive's solution; the degree of inhibition is dependent on the concentration used. Glycerol (14.4 grams per liter of distilled water) has no effect on the transverse electrical polarity induced by direct current.
4. Growth curvature responses of the coleoptile sheath to stimulation by gravity, unilateral illumination, and transversely applied current are not inhibited when the cylinders are filled with a solution of non-conducting glycerol with the concentration adjusted to -exceed the osmotic pressure of Shive's solution X 2.
5. Previous investigations have shown that the longitudinal electrical polarity of the Avena, coleoptile can be shunted by filling the sheath with an electrolyte. Since the present experiments show that the use of elec-
